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[57) ABSTRACT

Apparatus for following the sun using the sun’s radiant
energy to heat a fluid-containing sensor to create a
pressure which is used to rotate the apparatus against a
spring force provided by an expansion bellows. The
sunlight is permitted to strike the sensor only for certain
angles of incidence to the apparatus so that the fluid
pressure and the spring force rotate the apparatus to a

predetermined position relative to the angle of inci-

dence. In one embodiment, sunlight passing through a
filter including several parallel plates which allow pas-
sage of sunlight having a predetermined angle of inci-
dence relative to the filter is focused on the sensor. A
reflector focuses sunlight on the sensor to reposition the
apparatus to the desired posttion when the apparatus is
incorrectly positioned because the sun has been ob-
scured by clouds. In two alternative embodiments, a
fresnel lens and a parabolic reflector, respectively, focus
sunlight having a predetermined angle of incidence
onto the sensor. In the alternative embodiments, a ther-
mally conducting fin attached to the sensor receives the
focused sunlight to reposition the apparatus when the
sun reappears after having been obscured by clouds.

8 Claims, 7 Drawing Figures
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1
. SOLAR-ENERGY-POWERED SUN TRACKER |

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the
payment of any royalties thereon or therefor.

This is a division of application Ser. No. 069,665 filed
Aug. 24, 1979, now U.S. Pat. No. 4,262,634,

BACKGROUND OF THE INVENTION

Solar tracking systems capable of accurately reposi-
tioning solar-energy collection devices are needed 1o
maintain the collection devices at the proper orientation
relative to the incident solar radiation. Sunlight reflec-
tors cailed heliostats have long been used to maintain a
beam of sunlight on a constant direction. The reflectors
were rotated by clockwork or an auxiliary power sup-
ply such as an electric motor. Sunlight was used to
trigger regulatory devices for the external power sup-
ply. Aside from additional energy use, electrically pow-
ered aiming systems require a power supply with a
constant frequency and voltage and a separate feedback
path to correct for error. Additionally, direct mechani-
cal drives, such as worm gear actuators, are required to
handle high wind loads found in an outdoor environ-
ment. | -
In many cases, it is desirable to use solar emergy fo
rotate the reflector or other device (termed generally
herein the collector) in the proper direction. Conse-
quently, a number of devices have been developed
which employ solar energy to direct and rotate the
collector. For example, U.S. Pat. No. 4,027,651 by Rob-
bins discloses a tracker having an arrangement of mir-

rors which reflect the sun’s radiant energy to differen-
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position. A second bellows is used to compensate for
environmental temperature effects. In one embodiment,

a parallel plate filter permits only sunlight from the

desired angle to strike the sensor directly. Sunlight 1s -
focused on the sensor from a reflector to reposition the

tracker when the sun reappears after having been ob-
scured by clouds. In two alternate embodiments, a cy-
lindrica! fresnel lens andd a parabolic reflector, respec-
tively, focus sunlight from the desired angle on the
sensor. The fresnel lens and the parabolic reflector
focus the sunlight on a thermally conductive fin at-
tached to the sensor to reposition the tracker after
cloudy periods.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a pictorial view of an embodiment of the
solar-powered tracking device;

FIG. 2 is a partial end view of the solar powered
tracker taken along line 2-2' in FIG. 1; |
" FIG. 3 is an enlarged end view of a portion of the
solar filter plates indicated by circle 3-3' in FIG. 2
itlustrating the antireflective ridges;

FIG. 4 is a plot of the solar energy input versus the
angle of incidence between the sun’s rays for the em-
bodiments described herein;

B FIG. 5 is a partial end view of an aliernate embod:-

ment in which a cylindrical fresnel lens is used to focus
the sun’s rays on the sensor tube;

'FIG. 6 is a pictorial view of an embodiment in which
the reflector trough is used to focus the sun’s rays on the

- gensor tube; and

35

tially head fluid-containing reservoirs to create a differ-

ential pressure which is used to rotate the tracker and . . . ) :
' characters designate like or corresponding parts in the

the collector. Another tracker, disclosed by Farber et al
in a “Self-Contained Solar Powered Tracking Device,”
ASME paper 76-WA/HT-'76, uses two sensor elements
disposed on each end of a parabolic concentrator and
fluidically connected to two power cylinders opposing
each other through a rack and pinion gear arrangement.
Unequal shading of the sensor elements causes a pres-
sure differential which drives the power cylinders to
rotate the concentrator to the desired orientation.

These devices, while effectual, are generally himited
in accuracy, responsiveness, or in the type of Envirchn-
ment in which they may be used.

SUMMARY OF THE INVENTION

The present invention provides a solar-powered sun
tracking device which is inexpensive to construct and
inexpensive to operate. It does not rely upon any exter-
nally powered devices or complex timing systems. The
tracker is sensitive to small movement of the sun and
has good morning response because little sunlight en-
ergy is required for early repositioning. It automatically
repositions itself after cloudy periods and in its initial
morning posiion.
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FI1G. 7 is a partial end view of the embodiment of
Fi(. 6.

' DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

Referring now to the drawing wherein like reference

several embodiments and, in particular, to FIGS. 1-3,
there is shown an embodiment of a solar-energy-pow-
ered sun tracking device according to the present inven-
tion which may be used to position a solar-energy col-

lector. The solar-energy collector may be of any con-

ventional design which, typically, offers improved per-
formance if continuously reoriented to receive the di-
rect rays of the sun such as mirrors that reflect solar
energy to a concentrator or simply flat plate collectors.
The collector apparatus in the embodiment of FIGS.
1-3 includes a parabolic reflector trough 18 having a
reflective surface 12 to focus reflected solar energy onto

~ a solar-energy concentrator such as conventional con-

centrator tube 14. The parabolic reflector trough 10 1s

* suspended from the ends of two rigid arms 16 and 18

55

which are rotatably coupled to the apex of A-shaped
support members 20 and 22, respectively. The reflector

~trough 10 is thus free to rotate about an axis of revolu-

These and other advantages and features are pro-

vided by the present invention in which a sensor con-
taining a working fluid is heated by sunlight only when

the sunlight approaches the tracker from a desired an-
gle. The pressure produced by evaporating the fiud
drives the system against a spring force provided by an
expansion bellows to rotate the system to the desired

65

tion A-A’ between the A-shaped support members 20
and 22 which are mounted on base members 24 and 26,
respectively.

The solar-energy concentrator tube 14 is disposed
between the two rigid arms 16 and 18 so that it lies on

~ the Tine of focus of the reflector 1§ which may be com-
" cident with the axis of revolution’ A-A’ {depending on
‘the curvature of the reflector) as shown in FIG. 1. The

reflected solar energy is collected by the concentrator
tube 14 and transferred 10 a storage means Or a Uuser
device by conventional techniques not shown. The
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embodiment shown in FIG. 1 is positioned to orient the
axis of revolution A-A’ nominally in the north-south
direction so the reflector trough 10 may be rotated to
track the sun as it moves from east to west.

The rotational position of the collector apparatus is
controlled by the solar-energy-powered sun tracker of
the present invention. A sensor bulb 28 which is filled
with a working fluid such as Freon 11 is disposed paral-
lel to the axis of revolution A-A' and 1s attached to the
west end of the collector. The sensor bulb 28 is enclosed
In a transparent convection heat insulator such as glass
tube 30 which insulates the sensor bulb from convection
loses while permitting radiant energy to reach the sen-
sor bulb.

A solar hilter 33 comprising several opaque parallel
filter plates 34 is disposed above the sensor bulb 28 and
rigidly attached to the west end of the arms 16 and 18.
The height and spacing of the filter plates 34 are chosen
so that direct sunhight is transmitted through the filter
plates only for angles of incidence 0 of 90° + ¢ accord-
ing to the desired tracking accuracy. The parallel plates
allow high accuracy control over the solar-energy input
to the sensor bulb as a function of the angle of incidence
¢ which in turn allows a large variation in the heat input
to the sensor bulb 28 for small changes in the sun’s
angular position in the region of 8 =90°%¢. Typically,
the solar filter is designed so that no direct sunlight is
transmitted for ¢ greater than =1 degree.

The filter plates 34 may include anti-reflective ridges
37 as shown 1n FIG. 3 to limit the transmission of solar
energy which 1s not within the desired angle of inci-
dence but may pass through the filter by reflecting one
or more times between the plates.

A concentrating lens 36 i1s disposed between the solar
filter plates 34 and the sensor bulb 28 to focus the rays
which have passed through the filter onto the sensor
bulb. A solar reflector 38 is disposed under the sensor
bulb 28 to reflect solar radiation from angles of inci-
dence greater than 90° + ¢ to the sensor bulb. A reflec-
tor shade 40 is disposed from the outside parallel plate in
order to mit the amount of solar radiation reflecting
from reflector 38 and impinging on the sensor bulb 28
from below.

An expansion bellows 42 (hereinafter referred to as
the drive bellows) has its supporting cylinder 44 rigidly
mounted on the westward end of arm 18 by support
members 46. The mnside (open end) of the drive bellows
42 1s fluidically coupled to the sensor bulb 28 by tube 48
(see FIG. 1) so that the pressure inside the bellows is a
function of the vapor pressure of the working fluid
within the sensor bulb. The closed end of the drive
bellows 42 is coupled by rigid rod 52 to an eccentric
drive stem 34 which 1s rigidly attached to A-shaped
support member 22. The rigid rod 32 is rotatably con-
nected to the drive stem 54 at a point 55 some distance
from the axis of rotation A-A’ of the parabolic reflector
so that expansion or contraction of the drive bellows 42
as the vapor pressure in the sensor bulb/drive bellows
system changes will produce torque about the axis
A-A'"

A second expansion bellows 56 (referred to hereinaf-
ter as the environmental-compensator bellows) has its
supporting cylinder 58 rigidly attached to the eastward
end of arm 18 by support members 60. The normally
open end (i.e., the end that normally receives pressure
changes) of bellows 56 is sealed and a working fluid
(same as used in bellows 42) 1s enclosed within the bel-

lows’ cavity. The other end (normally closed end) 62 of
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the bellows is coupled by rigid rod 64 to the eccentric
drive stem 54 where the rigid rod 64 is connected so
that 1t 1s free to rotate about the same axis as rigid rod
52. The environmental-compensator bellows 56 coun-
teracts the torque applied to the drive stem 54 due to the
expansion or contraction of the drive bellows caused by
changes mn ambient conditions (i.e., those conditions
which affect the temperature of the working fluid in
both the drive bellows and the environmental-compen-
sator bellows such as the atmospheric temperature and
heating of the bellows cylhinders 44 and 58 by the sun-
hight) by supplying an equal torque in the opposite di-
rection. The net torque on the drive stem 54 is therefore
produced by the vapor pressure of the working fluid
resulting from the heating of the sensor bulb by the
direct or reflected sunlight.

‘The lengths of the rigid rods 52 and 64 which couple
the movable ends of the drive bellows 42 and the envi-
ronmental-compensator bellows 56, respectively, to the
eccentric drive stem 54 are set so that when the sensor
bulb and the two bellows are at the same temperature
(for example, under shaded conditions or during the
night), the solar-power tracker is rotated on its axis
A-A’" by the bellows’ spring forces to assume its morn-
ing orientation (1.e., the reflector trough faces eastward
to recerve the morning sun). When these equal-tempera-
ture conditions are present, the vapor pressures acting
on each bellows are equal so that the net torque applied
to the point on the drive stem 1s a function of the bel-
lows’ spring forces.

FI1G. 4 illustrates the relationship of the solar energy
input available to drive the solar-drive bellows as a
function of the angle of incidence @ of the solar rays for
the embodiments described in the present disclosure.
Considering the embodiment of FIGS. 1-3, solid curve
66 1s a plot of the solar energy input to the sensor bulb
28 as a function of the angle of incidence 8. For angles
of inctdence less than 90° — &, the solar energy input Q
to the sensor bulb 28 is determined by the atmospheric
temperature since the solar filter plates 34 prevent the
sun’s rays from striking the sensor bulb directly and the
shade similarly prevents reflections from reflector 38.
As the angle of incidence & reaches the angle 90° — o,
the direct rays pass through the filter and are concen-
trated by lens 36 on the sensor bulb 28. As shown by
curve 66, the solar energy input Q to the sensor bulb 28
increases very rapidly to a high level in the region
where the angle of incidence 8 is 90° 2= ¢. As the angle
of incidence @ increases beyvong 90°+ ¢, the energy
mput Q drops due to the shading by the parallel plates
34 but does not fall as sharply as nor to the same low
level as 1t had been for the negative angles because a
portion of the sun’s energy strikes solar reflector 38 and
15 reflected to 1mpinge on the sensor bulb 28. The grad-
ual rise in Q as @ increases further i1s caused by the
increasing amount of energy reflected from the solar
reflector 38.

The temperature of the fluid in the sensor bulb 28 and
thus the vapor pressure on the drive bellows 42 varies
according to the solar energy input to the sensor bulb.
For the fluid Freon 11, for example, the vapor pressure
at 75° 1s 0.037 pounds per square inch (psi} above atmo-
spheric pressure while at 120° F. the vapor pressure is
18.3 psi above atmospheric pressure.

The pressure of the working fluid above atmospheric
pressure exerts a force on the drive bellows 42 tending
to expand the bellows. This force is given by Fp=A.P,
where A 1s the area of the bellows to which pressure is
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applied and P;is the pressure of the working fluid above
atmospheric pressure, with the subscript t indicating
that the pressure is a function of the temperature of the
fluid. The spring action of the drive bellows 42 exerts a
countﬁ:maing force given by Fs=K.D where K 15 the
spring constant of the bellows and D 1s the IﬂESplﬂLE-
ment. Since Fs=Fp, the displacement of the bellows 1s
given by

ﬂ:‘-.!a%.'*f];

where k={A/K}

io

6
orientation b}, the appropriate displacement of the drive
bellows 42.

If the sun is sufficiently obscured by clouds, the track-
er/collector will fall behind the sun or egual tempera-
ture conditions may occur and the tracker/collector
will return to the initial eastward ortentation. However,
when the sun reappears the rays wiil be directed on the
sensor hulb from the solar reflector 38, This will raise
the temperature and increase the vapor pressure of the
sensor bulb 28, causing the tracker/collector to rotate 1n
the westward direction. The tracker/collector will ro-

' tate until it reaches the normal operating position at the

The tracker/collector is designed so that durmg ii}: |

length of time that it takes the sun to traverse the angle
for which the parallel plate filter 34 passes sunlight

sufficient solar energy is transmitted through the p&ral-
lel plate filter 33 and focused by the concentrating lens
36 on the sensor bulb 28 to raise the temperature of the
fluid to a value which produces a vapor pressure suffi-
cient to rotate the tracker/collector to its maximum
westward orieniation.

In operation, the equal temperature conditions which
are present during the night cause the tracker to rotate
to its initial morning orientation and remain in that
orientation until the sun’s rays begin to pass through the
paraliel plate fiiter 33. At this time, the sensor buib is
heated due to the solar energy passing through the hlter
33, thereby increasing the vapor pressure applied to the
drive bellows 42 above that pressure due to the ambient
conditions while the vapor pressure applied to the envi-
ronmental-compensator bellows 56 is determined by the
ambient conditions. This increased vapor pressure
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causes the drive bellows 42 to expand against its spring

constant. The expansion in turn causes the tracker/coi-
lector to rotate on axis A-A’ because of the increase in
torque applied through the rigid rod 52 at point 33 on
the eccentric drive stem 3.

The fluid in the sensor bulb will continue to increase
in temperature, producing further rotation of the track-
er/collector until the parallel plate filter 33 no longer
passes the sunlight due to the change in the angle of
incidence. Since the sun’s rays no longer 1mpmge on the
sensor bulb 28, the temperature of the fluid in the bulb
tends to decrease toward the atmospheric temperature

35
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and the vapor pressure on the drive bellows 42 de-

creases accordingly. This decrease in vapor pressure

causes the tracker/collector to rotate in the eastward .
direction {toward the initial orientation about axis
A-A") due to the bellows spring constant. HGWE‘*{E_I 2% |

the fluid cools and the tracker/collector rotates back
toward the east, the sun’s rays will again pass through

50

the parallel plate filter 33 because of the eastward rota-

tion and the sun’s movement, causing the temperature
of the sensor bulb 28 to increase, the vapor pressure to
increase, the drive bellows 42 to expand and the irack-
er/collector to rotate in the westward direction. This
patiern of heating the sensor bulb 28 by solar energy
passing through the parallel plate filter 33 to produce a
westward rotation which removes the solar energy
input to the sensor bulb until the sensor bulb is again
heated by the solar energy due to the movement of the
sun and/or the cooling of the sensor bulb, causes the
tracker/collector to assume a position at théifzading
edge of the sun’s direct rays as it tracks the sun’s path.

33

leading edge of the sun’s direct rays whereupon the
normal operational pattern is established.

Referring now to FIG. 5, there is illustrated an alter-
nate means (replacing the parallel plate filter 33 and
solar reflector 38 in FIG. 1) for controlling the solar
energy inpui to the sensor bulb 28 as a function of the
angle of incidence 8 which offers improved perfor-
mance in quickly repositioning the solar tracker when
the tracker has fallen behind the angle of the sun be-
cause of the interruption of the direct suniight by cloud
cover. In this embodiment a cylindrical fresnel lens 66 1s
disposed above the sensor bulb 28 and oriented so that
its focal plane passes through the sensor bulb and sun-
light with an angle of incidence 8 equals 90° ¢ focused
on the bulb. A thermally conductive fin 68 which 1s
attached 1o the sensor bulb 28 is disposed to lie in the
focal plane of the fresnel lens 66. The sensor bulb 28 and
the fin are enclosed in a convection heat insulating tube
30, The fresnel lens 66, the sensor bulb 28, and the Iin
68, are arranged so that as the line of focus of the lens
moves from the left (for example, from point 70} toward
the sensor bulb 28 as the angle of incidence § increases
and is coincident with the sensor bulb at # equals
90° +&. For angles of incidence greater than this value,
the fresnel lens 66 will focus the concentrated solar
energy on the fin 68. Accordingly, when the position of
the tracker lags behind the position of the sun due 10
cloud cover, the fin 68 conducts the solar energy con-
centrated by the lens to the sensor bulb 28 to reposition
the solar tracker when the sun reappears.

Referring to FIG. 4, dashed curve 72 illustrates the
solar energy input Q to the sensor bulb 28 as a function

s of the solar angle of incidence 8 for the embodiment of

FIG. 5. The solar energy input rises sharply from the
ambient state as the angle of incidence 0 reaches the
angle at which the fresnel lens 66 line of focus strikes
the sensor bulb 28. As the angle of incidence & increases
firther and the concentrated energy s focused on the
fin, the solar energy inpui graduaily decreases due {0
various loss factors as the line of focus gets farther from
the sensor bulb. The solar energy tnput Q falls ex-
tremely fast when the angle of incidence @ becomes
large enough that the line of focus is beyond the end of
the fin at point 74.

Referring now to FIGS. 6 and 7, there 1s shown an

embodiment of the present invention in which a sensor
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The average temperature of the working fluid in the

censor bulb will thus increase as the sun moves from east
to west in order to maintain the appropriate tracker

hulk 2R and attached thermally conductive {in 86 1s
disposed in the focal plane (shown by dashed line 75 1n
FI1G. 7) of a parabolic reflector trough 1. A solar en-
ergy concentrator tube 14 may be disposed adjacent the
focal plane 75 (not shown in FIG. 6 for clarity) to coi-
lect solar energy fm‘ tramfer to a storage means Of 2
wser-deviICe. o

This embodiment prowdes increased solar energy

input to the sensor bulb since the large reflector greatly

IICTEAsEs thf: amount of collected energy as qhﬂwn by



4,332,240

7.

curve 76 in FIG. 4. The solar energy input to the sensor
bulb 28 is a function of the angle of incidence @ (in this
case, 6§ equals 90° on the plot and is analogous to the
angle at which the line of focus of the parabolic reflec-
tor 1s on the sensor bulb) is similar to that of the embodi-
ment of FI1G. 5 with an increased energy input for solar
angles of incidence in which the line of focus is on the
sensor bulb or the attached fin.

The embodiments of FIGS. §, 6 and 7 operate to
rotate the device in the same manner as the embodiment
of FIG. 1. The temperature of the fluid in the sensor
bulb 28 and thus the vapor pressure of the working fluid
therein is at an ambient level until the angle of incidence
@ reaches a value where the sunlight is focused on the
sensor bulb by the fresnel lens 66 or the parabolic reflec-
tor 10 as shown in FIGS. § and 7, respectively. The
resulting solar energy input to the sensor bulb 28 tends
to rotate the tracker/collector by expanding the drive
bellows 42. This in turn tends to lower the temperature
of the fluid since the rotation changes the angle of inci-
dence & and thus lowers the energy input. This causes
the tracker/collector to rotate back in the opposite
direction which will tend to increase the solar energy
input. In cases where the sensor bulb does not receive
sufficient energy to track the sun because of shading,
the energy striking the thermally conductive fin 68
when the shading is remove will reposition the track-
er/collector at the normal operating position at the
leading edge of the sun’s direct rays (i.e., around 6
equals 90° +- o).

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It 1s therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. A solar-powered sun-tracking apparatus compris-
Ing:

a. flmdic sensing means responsive to rays of radiant

energy for producing a fluidic pressure;

b. means for translating said fluidic pressure into a
mechanical force:

C. means for focusing rays of radiant energy on said
fludic sensing means when said rays have a prede-
termined range of angles of incidence relative to
said focusing means; and

d. means responsive to said mechanical force for
positioning said sun-tracking apparatus so that said
means for focusing is maintained at a predeter-
mined position relative to the angle of incidence of
said rays:

e. sald means for focusing rays of radiant energy
including:

a fresnel lens disposed between said rays and said
fluidic sensing means; and

a thermally-conductive {in coupled to said fluidic
sensing means, said fresnel lens focusing the rays
of radiant energy onto said fluidic sensing means
when said rays have said predetermined range of
angles of incidence and onto said thermally con-
ductive fin for angles of incidence larger than
said predetermined range.

2. The sun-tracking apparatus as recited in claim 1
wherein said fluidic sensing means includes a sensor
bulb containing a heliotropic fluid.
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3. The sun-tracking apparatus as recited in claim 1 or
claim 2 wherein said means for translating said fluidic
pressure into a mechanical force includes a first expan-
sion bellows coupled to said fluidic sensing means so
that the expansion and contraction of said first expan-
sion bellows is related to said fluidic pressure.

4. The sun-tracking apparatus as recited in claim 1
wherein said means responsive to said mechanical force
includes means for pivoting said means for focusing
about an axis oriented in a north-south direction so that
the said means for focusing is maintained at a predeter-
mined posttion relative to the angle of incidence of said
rays.

S. A solar-powered tracking apparatus comprising:

a. fluidic sensing means responsive to rays of radiant
energy for producing a fluidic pressure:

b. means for focusing rays of radiant energy on said
fluidic sensing means when said rays have a prede-
termined range of angles of incidence to said focus-
Ing means, and

c. means for pivoting said means for focusing in re-
sponse to said fluidic pressure;

d. said means for focusing rays of radiant energy
inciudes:

a fresnel lens disposed between said rays and said
fluidic sensing means; and

a thermally-conductive fin coupled to said fluidic
sensing means, said fresnel lens focusing the rays
of radiant energy onto said fluidic sensing means
when said rays have said predetermined range of
angle of incidence and onto said thermally-con-
ductive fin for angles of incidence larger than
sald predetermined range.

6. A sun-tracking device as recited in claim 5 wherein
said means for pivoting includes:

first expansion bellows means coupled to said fluidic
sensing means so that the expansion and contrac-
tion of said first bellows is related to said fluidic
pressure, said first bellows and said focusing means
being fixed relative to structure means, said struc-
ture means being pivotally connected to a base
support including an eccentric drive stem, the
movable end of said first bellows being coupled to
said eccentric drive stem so that expansion of said
first bellows applies a force beiween said drive
stemn and said structure means tending to cause said
structure means to pivot in a first direction.

7. The sun-tracking apparatus as recited in claim 6
further including a second bellow means fixed relative
to said structure means having 1ts movable end coupled
to said drive stem so that the expansion of said bellows
means apphes a force between said drive stem and said
structure means tending to cause the structure means to
pivot 1n the direction opposite to the first direction.

8. The sun-tracking apparatus as recited in claim 5, 6
or 7 wherein said means for focusing rays of radiant
energy includes:

a reflector means oriented to focus rays received
from said predetermined range of angles of inci-
dence onto said sensor bulb:

and further comprising a thermally-conductive fin
coupled to said sensor bulb, said reflector means
focusing rays received from angles of incidence
larger than said predetermined range of angles onto

sald thermally-conductive fin.
L * » L
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